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Editorial Comment

Role of NAD(P)H Oxidase and Its Regulation 
in Chronic Hypertension
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Oxidative stress is caused by the overproduction of oxidizing
chemicals, which disrupts the balance between oxidizing
power and reducing power. Oxidizing power is increased by
the production of reactive oxygen species (ROS), including
hydrogen peroxide, lipid peroxide, and radicals such as
hydroxyl radical, hydroxyperoxyl radical, peroxyradical,
nitric oxide, peroxynitrite and superoxide anion. Under phys-
iological conditions, ROS act as a kind of scavenger to break
down bacteria or unnecessary molecules. However, they can
have undesirable effects when overproduced. Oxidative stress
is considered to be involved in various pathological condi-
tions, such as ischemic heart disease, vascular remodeling,
nephropathy and brain damage (1–3).

Superoxide anion is one of the most important ROS
involved in pathogenesis. Production of superoxide anion is
facilitated by NAD(P)H oxidase, an enzyme composed of
several membrane and intracellular components. The subunit
proteins vary depending on the tissue. In the vascular wall,
NAD(P)H oxidase consists of membrane components, such
as gp91phox homologue (Nox1 and Nox4) and p22phox, and
intracellular components, such as p47phox, rac1 and
p67phox. When the cell is stimulated by one of various fac-
tors the intracellular components associate with membrane
subunits and begin to produce superoxide anion from oxygen.
The activity of NAD(P)H oxidase can be controlled by phos-
phorylation of subunits and/or association of subunits (4).
Therefore, the activity of NAD(P)H oxidase is controlled, at
least partly, by the expression of these subunits.

Recent studies indicate that oxidative stress also plays an
important role in cardiovascular changes induced by hyper-
tension. Chronic hypertension, including essential hyperten-

sion, is closely related to cardiovascular diseases, and the
renin-angiotensin system plays a particularly important role
in patients with chronic hypertension. Administrations of
angiotensin converting enzyme (ACE) inhibitors or angio-
tensin II type 1 (AT1) receptor blockers (ARBs) improve
hypertension and hypertension-associated cardiovascular dis-
eases. Many reports indicate that angiotensin II, a potent
vasopressor, increases oxidative stress in the cardiovascular
system through AT1 receptor stimulation. Administration of
angiotensin II has been shown to increase superoxide produc-
tion, NAD(P)H oxidase activity, and pressor response (5, 6).
On the other hand, the increase in superoxide production,
NAD(P)H oxidase activity and NAD(P)H oxidase subunit
expression in experimental vascular injury were inhibited by
ARBs without affecting blood pressure (7). These results sug-
gest that angiotensin II modulates oxidative stress mainly by
an increase in NAD(P)H oxidase activity through AT1 recep-
tor stimulation.

However, the role of angiotensin II in oxidative stress in
chronic hypertension has not yet been totally clarified. As an
animal model, stroke-prone spontaneously hypertensive rats
(SHRSP) are widely used for studies on hypertension. It has
been reported that SHRSP developed cardiac hypertrophy (8),
brain abnormalities (9) and renal damage (10, 11). In SHRSP,
however, the changes in NAD(P)H oxidase subunits were not
the same as those observed after continuous infusion of
angiotensin II (12, 13).

In an article appearing in this issue of Hypertension
Research, Akasaki et al. (14) examined the involvement of
NAD(P)H oxidase in vascular changes observed in chronic
hypertension. The expression of the gp91phox homologues
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Nox1 and Nox4 in NAD(P)H oxidase subunits was increased
in SHRSP in association with medial thickening and fibrosis
of the aorta. In SHRSP, activation of the renin-angiotensin
system is involved in continuous hypertension. An ARB, can-
desartan, suppresed the expression of Nox1 and Nox4
together with blood pressure in a dose-dependent manner.
The treatment of animals with hydralazine plus hydrochlo-
rothiazide also reduced both blood pressure and the expres-
sion of NAD(P)H oxidase subunits to levels similar to those
achieved by an effective dose of candesartan. These observa-
tions indicate that chronic hypertension can up-regulate the
expression of NAD(P)H oxidase subunits independent of the
stimulation of AT1 receptors, although the renin-angiotensin
system is important in hypertension.

A close relationship between cardiovascular disease and
metabolic disorders has been observed in patients with so-
called metabolic syndrome. The importance of oxidative
stress has also been reported in relation to metabolic changes.
Recent studies suggest that oxidative stress may be involved
in the development of glucose intolerance in insulin-sensitive
organs, such as skeletal muscles (15). Angiotensin II seems to
be at least partly involved in the insulin-resistance through
oxidative stress (15). The relationship among hypertension,
cardiovascular injury and metabolic disorders with respect to
oxidative stress and the renin-angiotensin system is thus of
great interest, and analyses of this relationship will become
increasingly important in future studies.
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